31P NMR studies of Clostridium thermocellum. Mechanism of end product inhibition by ethanol.
31P NMR studies of intact cells and perchloric acid extracts are used to investigate the effect of ethanol on the bioenergetics and glycolysis of Clostridium thermocellum, an anaerobic bacterium potentially useful for the single step conversion of biomass to ethanol. Whole cells suspended in phosphate buffer and given a carbon source (cellobiose) at 60 degrees C rapidly establish a pH gradient across the membrane that can be monitored by the chemical shifts of inorganic phosphate in the exterior buffer and in the cytoplasm. Peak intensities can be related to phosphate active transport rates. Wild type bacteria and cells grown in inhibiting concentrations of ethanol establish similar pH gradients, but with slower kinetics and slower phosphate transport rates for the cells adapted to growth in ethanol. Direct addition of ethanol does not affect the rate of pH gradient formation or phosphate transport. Thus, while ethanol does not directly affect processes for energy conservation carried out by the membrane, adaptation to ethanol does alter membrane functions such as phosphate transport. 31P NMR spectra of perchloric acid extracts show that when wild type cells are adapted to grow in inhibiting concentrations of ethanol and then energized with cellobiose, sugar phosphate content is increased and the steady state distribution of glycolytic intermediates is altered. Nucleotide triphosphate/nucleotide diphosphate ratios are unaltered in these cells. These results strongly indicate that in C. thermocellum growth inhibition by ethanol is related to a blockage in glycolysis.